The cool and wet summer of 1993 in Tokachi district, Hokkaido, Japan,resulted in damage to sugar beet and caused an overall reduction in yield . LandsatfTM and Mos-1/MESSR images were analyzed for detecting the location and extent of the damaged area.
Introduction
Unusual weather in the summer of 1993 was detrimental to crop yield. In the Tokachi plain, Hokkaido, Japan, the observed daylight duration i n June cf 1993 was 68 hours. This figure was approximately half the duration for that month during a normal year. The observed precipitation was seven times I ar cer than that of a normal year. These factors caused an overall reduction i n sugar beet yield . The final yield of sugar beet was at Ieastl0% less than the yield during a normal year. A field survey of the damage was conducted. It was known that the degree of damage from the cool and wet summer varied within a region and within fields. However, details of the damage over a large area were not understood . In this study, yield maps of the 1991 ( bumper year) and the 1993 ( low-yield year) were created using satellite imagery to investigate the cause of the damage.
Study site and data
The study was conducted in the Tokachi plain, in the western portion of Hokkaido (Fig.1) . This is an important agricultural region in Japan.
A field of sugar beet was surveyed by Nippon Beet Sugar Mfg. Co., ltd. Ground truth data for root yield of sugar beet was collected by an agricultural benefit society. Landsat TM data and Moss MESSER data were acquired in the 1991 ( bumper year) and the 1993 ( low-yield year) . Landsat TM data from August 29,1991, and July 8 and August 25,1993 were selected. Landsat TM data which was used as soil environmental data. The soil data was reorganized for high, middle and low organic matter content.
Procedures
(1) The six images were rectified to 1:50,000 topographic maps for 1991 and 1993. The study area was extracted from the rectified imagery to analyze a series during different seasons.
(2) The position of sugar beet fields on the TM data was determined using ground truth data. The center pixel of the sugar beet fields was extracted as polygonal data to exclude boundary pixels containing mixed information.
(3) It is necessary to standardize satellite data when it will be compared with the data derived from a different sensor. The CCT average for the polygon data was calculated for each site, then converted into the radiance value using function 1 and function 2 . Table 1 The constant value for Mos-1/MESSR Correlation coefficients for July 8 were the highest during the growing season.
The following equations were derived to estimate the root yield successfully :
Y91=4.720 x KVI-0.043 (n=10, r=0.77*) Y93=3.508 x KVI+2.490 (n=10, r=0.88**) where Y91 and Y93 are estimated root yields for 1991 and 1993 derived from Landsat/TM data taken August 29, 1991 and July 8, 1993.
4-3 Comparison with the yields in 1991 and 1993
The root yield maps created from these equations are shown in Fig. 3 and Fig. 4 . Averages vat ues cf esti mates root yield for 1991 and 1993 were 5.3t/1 0a and 4.4th1 Oa respectively, calculated from the estimated yield.
The decrease in root yield in 1993 as compared with the yield in 1991 was calculated on the basis of 250m grid average of root yield for each year. Fields in Memuro town were not damaged, whi I e those in Sarabetsu village were severely damaged (Fig. 5) . The fields in Memuro town were detected frequently on the soil with rich in organic matter, and the KVI value was medium in July, high in August and low in September. However fields in Sarabetsu village were found in the area with lower soil organic matter, and the KVI value was medium in July, high in August and low in September (Fig. 6, 7) . Volcanic ash soils are most widely distributed in Tokachi plain. Therefore, the soil with rich in organic matter and poor drainage of a field caused wet damage (SHIOZAKI et. al.,1985) . But, the results do not conform to this rule. The relationships between the extent of the damage, the changes of KVI, and soil organic matter content suggested that the production drop was due partly to leaching of fertilizer by high precipitation in addition to damage from the cool and wet summer.
In the future, it will be necessary to consider weather conditions, nutrient uptake availability and topography during the analysis process. 
